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Experimental 

Crystal data 

[Eu(NCS) 3 (C 18 H 15 OP) 3 ]- 

[Eu(NCS) 2 (N0 3 )(C 18 H l5 OP) 3 ] 
M r = 2325.95 
Trigonal, R3 
a = 20.3249 (7) A 
c = 22.3186 (6) A 

Data collection 

Agilent Xcalibur Eos diffractometer 
Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2012) 
T m ,„ = 0.892, r m;lx = 1.000 



Refinement 

R[F 2 > 2a(F 2 )] -- 
wR(F 2 ) = 0.065 
S = 1.02 
6325 reflections 
439 parameters 
8 restraints 



0.042 



V = 7984.7 (4) A 3 
Z = 3 

Mo Ka radiation 
p. = 1.42 mm~' 
T = 180 K 

0.12 x 0.07 x 0.05 mm 



15970 measured reflections 
6325 independent reflections 
5614 reflections with / > 2o(I) 
R inl = 0.052 



H-atom parameters constrained 
Ap max = 1.30 e A~ 3 
Ap mi „ = -0.90 e A~ 3 
Absolute structure: Flack (1983), 

3154 Friedel pairs 
Flack parameter: -0.045 (9) 



Key indicators: single-crystal X-ray study; T = 180 K; mean ct(C-C) = 0.010 A; 
disorder in main residue; R factor = 0.042; wR factor = 0.065; data-to-parameter 
ratio = 14.4. 

The title co-crystal, [Eu(NCS)3(C 18 H 15 OP) 3 ][Eu(NCS) 2 - 
(NOsXQgHxsOP^], contains two distinct neutral complexes. 
Each complex has threefold symmetry about its central Eu 3+ 
ion. As a result, the nitrate-containing molecule contains 
disorder of its bidentate nitrate and two A/-bound thiocyanate 
anions, while the [Eu(NCS) 3 (OPPh 3 ) 3 ] complex is fully 
ordered. There is a weak n-n stacking interaction between 
the phenyl rings of the two molecules [centroid-centroid 
distance = 4.138 (4) A]. 



Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
OLEX2 (Dolomanov et al, 2009); software used to prepare material 
for publication: publCIF (Westrip, 2010). 

The authors acknowledge the National Science Foundation 
for their generous support (NSF-CAREER grant to RES, 
CHE-0846680). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: QM2089). 



Related literature 

For structural studies on related /-block triphenylphosphine 
oxide complexes, see: Feazell et al. (2004); Berthet et al. (2003); 
Long et al. (1999); Bowden et al. (2010). For syntheses and 
spectroscopic characterization of related compounds, see: 
Cousins & Hart (1967, 1968). 
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Tris(thiocyanato-A:/V)tris(triphenylphosphine oxide-/fO)europium(lll)-(nitrato- 
/f 2 0,O f )bis(thiocyanato-A:N)tris(triphenylphosphine oxide-tfO)europium(lll) 
(1/1) 

Anthony T. Thames, Frankie D. White, Lam N. Pham, Kang Rui Xiang and Richard E. Sykora 
Comment 

From previous studies, it has been known that lanthanide triphenylphosphine oxide complexes can be prepared with a 
number of anions including nitrate (Cousins & Hart, 1967; Long et al, 1999), thiocyanate (Cousins & Hart, 1968; Feazell 
et al., 2004), bromide (Bowden et al, 2010), trifluoromethanesulfonate (Berthet et al., 2003), and iodide (Berthet et al., 
2003). The title compound, [Eu(OPPh 3 )3(SCN) 3 ][Eu(OPPh 3 ) 3 (SCN) 2 N0 3 ], is of particular interest because of the anion 
disorder in one of the two neutral molecules in this co-crystal. There are two crystallographically unique europium(III) 
sites in the structure, one at the center of each neutral complex, [Eu(OPPh 3 ) 3 (SCN) 3 ] and [Eu(OPPh 3 ) 3 (SCN) 2 N0 3 ], as 
shown in Fig. 1 . Each complex has threefold symmetry and therefore the two thiocyanato and one bidentate nitrate anions 
are disordered over the three positions in the latter. In [Eu(OPPh 3 ) 3 (SCN) 3 ], the three triphenylphosphine oxide ligands 
and three thiocyanto anions are found in a fac arrangement. The isolation of the mixed-anion system is interesting from a 
coordinating viewpoint, as the thiocyanato displays a monodentate (kN) coordination while the nitrato is bidentate 
(k^O.O'). The thiocyanato-fcV coordination is also observed in previous lanthanide complexes, such as 
[Nd(OPPh 3 ) 4 (SCN) 3 ] (Feazell et al, 2004), likely due to the hard nature of the Ln(III) ions. Also of note is the fact that 
the title compound contains a 1:3 ratio of Eu(III) to phosphine oxide in both of its complexes, whereas with the larger 
Nd(III) ion, four triphenylphosphine ligands coordinate. Regarding intermolecular interactions, the title compound 
contains one weak ^-stacking interaction, with plane-to-centroid distances of 3.529 (8) and 3.841 (5) A, between adjacent 
rings of the two complexes as illustrated in Fig. 1. 

It should be noted that the stoichiometry of the reaction conditions to prepare the title compound were not rigorously 
controlled and it is likely that the introduced nitrate is a result of a slightly less than 1:3 ratio of Eu(III) to KSCN. 

Experimental 

Ethanol solutions of europium(III) nitrate hydrate (~1 mmol) and KSCN (~3 mmol) were combined. The resultant 
solution was decanted from the KN0 3 precipitate. This solution was then mixed with an ethanol solution of triphenyl- 
phosphine oxide (~4 mmol). Within one hour, the colorless crystals suitable for the X-ray analysis were isolated. 

Refinement 

H-atoms were placed in calculated positions and allowed to ride during subsequent refinement, with C/ iso (H) = 1.2(7 eq (C) 
and C — H distances of 0.95 A. 
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Computing details 

Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: CrysAlis PRO (Agilent, 2012); data reduction: CrysAlis 
PRO (Agilent, 2012); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: OLEX2 (Dolomanov et ah, 2009); software used to prepare 
material for publication: publCIF (Westrip, 2010). 



Figure 1 

The molecular structure of I, with the atom-numbering scheme. Displacement ellipsoids for non-hydrogen atoms are 
drawn at the 50% probability level. 

Tris(thiocyanato-tfN)tris(triphenylphosphine oxide-/cO)europium(lll)- (nitrato-i^O^'Jbis^hiocyanato- 
ifiV)tris(triphenylphosphine oxide-ifO)europium(lll) (1/1) 




C5 



Crystal data 



[Eu(NCS) 3 (C 18 H 15 OP) 3 ][Eu(NCS) 2 (N0 3 ) 

(C 18 H 15 OP) 3 ] 
M r = 2325.95 
Trigonal, R3 
a = 20.3249 (7) A 
c = 22.3186 (6) A 
V= 7984.7 (4) A 3 
Z=3 

F(000) = 3534 



D x = 1.451 Mgnr 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 5442 reflections 



(9 = 3.2-25.0° 
fi= 1 .42 mnT 



T= 180K 
Prism, colourless 
0.12 x 0.07 x 0.05 mm 



Data collection 



Agilent Xcalibur Eos 

diffractometer 
Radiation source: Enhance (Mo) X-ray Source 
Graphite monochromator 
co scans 

Absorption correction: multi-scan 

{CrysAlis PRO; Agilent, 2012) 
7^ = 0.892,7^ = 1.000 



15970 measured reflections 
6325 independent reflections 
5614 reflections with I > 2a(I) 
R mt = 0.052 
= 25.1 C 



h = -24-»23 
k= -22^24 
/ = -26^26 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F > laiF 2 )] = 0.042 
wR{F*) = 0.065 
S = 1.02 
6325 reflections 
439 parameters 
8 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > laiF 2 ) is 
used only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


II *IU 

^ iso ' ^ eq 


Eul 


0.6667 


0.3333 


0.305072 (13) 


0.02675 (13) 


Eu2 


0.0000 


0.0000 


0.462118 (16) 


0.04265 (17) 


P2 


0.16058 (9) 


0.14280(10) 


0.55807 (6) 


0.0392 (4) 


C20 


0.1572 (3) 


0.1238 (3) 


0.6370 (2) 


0.0325 (13) 


C26 


0.1639(3) 


0.2324 (3) 


0.5478 (2) 


0.0422 (15) 


C27 


0.0969 (4) 


0.2320 (4) 


0.5345 (2) 


0.0556 (18) 


H27 


0.0511 


0.1848 


0.5302 


0.067* 


C25 


0.1888 (3) 


0.1809 (3) 


0.6797 (2) 


0.0433 (15) 


H25 


0.2129 


0.2327 


0.6680 


0.052* 


C23 


0.1489 (3) 


0.0872 (3) 


0.7568 (2) 


0.0476(16) 


H23 


0.1458 


0.0748 


0.7981 


0.057* 


C21 


0.1214(3) 


0.0488 (3) 


0.6551 (2) 


0.0416(15) 


H21 


0.0993 


0.0096 


0.6259 


0.050* 


C5 


0.6419 (4) 


0.6382 (4) 


0.3299 (3) 


0.063 (2) 


H5 


0.6622 


0.6894 


0.3173 


0.075* 


C7 


0.6563 (3) 


0.5304 (3) 


0.3457 (2) 


0.0447(15) 


H7 


0.6869 


0.5072 


0.3435 


0.054* 


C22 


0.1170 (3) 


0.0297 (3) 


0.7152 (2) 


0.0484 (16) 


H22 


0.0926 


-0.0220 


0.7274 


0.058* 


C24 


0.1848 (3) 


0.1616(3) 


0.7400 (2) 


0.0538 (17) 


H24 


0.2071 


0.2004 


0.7694 


0.065* 


C3 


0.5402 (3) 


0.5249 (4) 


0.3722 (2) 


0.0508 (16) 


H3 


0.4900 


0.4981 


0.3879 


0.061* 


C31 


0.2310(4) 


0.3011 (4) 


0.5537 (2) 


0.0543 (18) 



Occ. (<1) 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w= l/[o 2 (F o 2 ) + (0.0112/>) 2 ] 

where P = (F 2 + 2F 2 )/3 
(A/txU^ 0.001 
A/w= 1.30 e A" 3 
Ap mm = -0.90 e A" 3 

Absolute structure: Flack (1983), 3154 Friedel 
pairs 

Flack parameter: -0.045 (9) 
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0.5274 (3) 
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T TO O 
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Co 
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H33 


0.2013 


A 1 1 O O 

0.1138 


A A A £ A 
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U.lzo (4) 


T TT 

H36 


A ^ 1 1(1 
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Co 
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on 
H9 
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U.5U90 


A A OOO 
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U.U56* 
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0.5536 (4) 
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TTI O 
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Atomic displacement parameters (A 2 ) 






IP 
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PI— 01 
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1.387 (7) 


C35— C34 


1.321 (10) 


C20— C21 


1.381 (7) 


C35— C36 


1.381 (10) 


C26— C27 


1.390 (8) 


C34— H34 


0.9500 


C26— C31 


1.387 (8) 


C36— H36 


0.9500 


C27— H27 


0.9500 


C36— C37 


1.407 (9) 


C27— C28 


1.371 (9) 


C8— C9 


1.381 (7) 


C25— H25 


0.9500 


C8— C13 


1.377 (7) 


C25— C24 


1.391 (6) 


C9— H9 


0.9500 


C23— H23 


0.9500 


C9— C10 


1.376 (6) 
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C23— C22 1.375 (7) C13— H13 0.9500 

C23— C24 1.363 (7) C13— C12 1.399 (7) 

C21— H21 0.9500 C12— H12 0.9500 

C21— C22 1.387 (6) C12— Cll 1.348 (8) 

C5— H5 0.9500 C37— H37 0.9500 

C5— C4 1.361 (8) Cll— Hll 0.9500 

C5— C6 1.369 (8) Cll— CIO 1.353 (8) 

C7— H7 0.9500 CIO— H10 0.9500 

C7— C6 1.376 (7) C29— H29 0.9500 

C7— C2 1.381 (7) C29— C30 1.401 (11) 

C22— H22 0.9500 C30— H30 0.9500 

C24— H24 0.9500 Nl— CI 1.150(8) 

C3— H3 0.9500 CI— SI 1.615(7) 

C3— C4 1.390 (8) N2— C38 1.144(14) 

C3— C2 1.384 (7) C38— S2 1.608 (13) 

C31— H31 0.9500 03— N3 1.283 (19) 

C31— C30 1.393 (9) 04— N3 1.280 (19) 

C4— H4 0.9500 05— N3 1.249 (16) 

C32— C33 1.360 (7) 



Ol 
01 
01 
01 
01 
01 
Ol 



-Eul— 01" 89.68 (16) C4— C5— C6 120.0(6) 

-Eul— 01 89.68(16) C6— C5— H5 120.0 

-Eul— 01 89.68(16) C6— C7— H7 119.7 

-Eul— Nl 1 95.6(2) C6— C7— C2 120.6(6) 

-Eul— Nl' 87.14(19) C2— C7— H7 119.7 

-Eul— Nl 1 173.8(2) C23— C22— C21 118.5(5) 

-Eul— Nl 95.6(2) C23— C22— H22 120.7 



01 u — Eul— Nl 173.8(2) C21— C22— H22 120.7 

Ol 1 — Eul— Nl" 173.8(2) C25— C24— H24 119.9 

Ol— Eul— Nl 87.14(19) C23— C24— C25 120.2 (5) 

01— Eul— Nl" 95.6(2) C23— C24— H24 119.9 
Ol"— Eul— Nl" 87.14(19) C4— C3— H3 120.2 
Nl'— Eul— Nl 87.9(2) C2— C3— H3 120.2 
Nl'— Eul— Nl" 87.9(2) C2— C3— C4 119.7(6) 
Nl— Eul— Nl" 87.9(2) C26— C31— H31 120.7 

02— Eu2— 02'" 84.41(16) C26— C31— C30 118.6(7) 
02— Eu2— 02 IV 84.41(16) C30— C31— H31 120.7 
02'"— Eu2— 02 1V 84.41 (16) C5— C4— C3 120.6 (7) 
02"'— Eu2— N2'" 84.7(3) C5— C4— H4 119.7 
02— Eu2— N2'" 166.8(3) C3— C4— H4 119.7 
02' v — Eu2— N2'" 101.9(3) C33— C32— P2 118.4(5) 
02— Eu2— N2 84.7 (3) C37— C32— P2 122.1(5) 
02"'— Eu2— N2 101.9(3) C37— C32— C33 119.3(6) 
02— Eu2— N2' v 101.9(3) C27— C28— H28 119.9 
02' v — Eu2— N2 166.8(3) C29— C28— C27 120.1 (9) 
02' v — Eu2— N2' v 84.7(3) C29— C28— H28 119.9 
02"'— Eu2— N2' v 166.8(3) C5— C6— C7 120.1(6) 
02"'— Eu2— 03 1V 161.7(4) C5— C6— H6 119.9 
02' v — Eu2— 03™ 86.1 (4) C7— C6— H6 119.9 
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1 1 H O /C\ 

117.8 (5) 


pi o po m 

C13 — C8 — rl 


1 1 A £ { A \ 

119.6 (4) 


/"i A T7, , 1 /"\0 iji 

(J4 — buz — OJ 


117.8 (5) 


pn p 0 pa 

C13 — C8 — C9 


1 1 T A { Z\ 

117.9 (5) 


04 — bu2 — 03 


41.5 (5) 


PO PA TTA 

C8 — C9 — H9 


1 1 A /" 

119.6 


Pi /I iii CO Pi*} 

U4 — bu2 — (J 3 


06. U (0) 


P 1 A PA P O 

C10 — C9 — Co 


1 OA A /C\ 

i2u.y (p) 


04 ,v — Eu2— 03 ui 


66.0 (6) 


C10— C9— H9 


119.6 


04 1V — Eu2— 03 1V 


41.5 (5) 


C8— CI 3— HI 3 


120.0 


04— Eu2— 03™ 


66.0 (6) 


C8— CI 3— C12 


120.0 (6) 


04" 1 — Eu2— 03 m 


41.5 (5) 


C12— C13— H13 


120.0 


04" 1 — Eu2— 03 ,v 


117.8 (5) 


C13— C12— H12 


119.6 
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Pt A iii . , O s \ a 

04 — Eu2 — 04 


0 a h in\ 

84.7 (7) 


Cll — C12 — C13 


1 OA A 

120.9 (6) 


/ \ a O-. ■. O Pi /I iv 

04 — Eu2 — 04 


84.7 (7) 


pi 1 nn tti i 

Cll — C12 — H12 


1 1 A / 

119.6 


04" 1 — Euz — 04 lv 


OA "7 /'7\ 

84.7 (7) 


POO POT PO/^ 

C32 — C37 — C36 


1 1 O A / "7 \ 

118.9 (7) 


nin no PO/^ 

C20 — P2 — C26 


1 AO "7 ZO\ 

108.7 (2) 


PT) POO ttih 

C3 2 — C3 7 — H3 7 


1 OA C 

120.5 


pin Tn pti 

C20 — P2 — C3z 


1 AT A /O \ 

107.9 (3) 


C 3 6 — C 3 7 — H3 7 


1 OA C 

120.5 


C32 — P2 — C26 


1 1 A A /") \ 

110.0 (3) 


/~1 1 pj f i 1 1 T T 1 1 

C12 — Cll — Hll 


120.3 


f \ ~\ TIO 

02 — P2 — C20 


1 1 A A /O \ 

110.9 (3) 


p 1 rs 1 P 1 A 

C12 — Cll — C10 


1 1 A C //"\ 

119.5 (6) 


<J2 — P2 — C2o 


1 1 A 1 /") \ 

110.1 (3) 


piA pi 1 TT11 

C10 — Cll — Hll 


1 OA O 

120.3 


(Jz — rz — C32 


1 AA O /O \ 

109.3 (3) 


PA P 1 A TT1A 

C9 — C10 — H10 


1 1 A C 

119.5 


pic "no 

C25 — C20 — rz 


1 OO O /"/I \ 

122.8 (4) 


pi 1 P 1 A PA 

Cll — C10 — C9 


1 OA A / £\ 

120.9 (6) 


PO 1 POA r-\ -\ 

C21 — C20 — P2 


117.8 (4) 


pi 1 P 1 A TT1A 

Cll — C10 — H10 


1 1 A f 

119.5 


POA 

C2 1 — C20 — C25 


1 1 A A / A\ 

119.4 (4) 


POO POA TTOA 

Czo — C29 — H29 


1 OA O 

120.2 


C27 — Czo — rz 


1 1 O T /C\ 

118.7 (5) 


POO POA POA 

C28 — C29 — C30 


1 1 A *7 ZO\ 

119.7 (8) 


C31 — C26 — P2 


121.8 (5) 


POA POA TTOA 

C30 — C29 — H29 


1 OA O 

120.2 


C31 — C26 — C27 


1 1 A C //~\ 

119.5 (6) 


POI P")A POA 

C31 — C30 — C29 


1 O A O ZO\ 

120.8 (8) 


C26 — C27 — H27 


119.4 


POI P")A TTOA 

C3 1 — C30 — H30 


119.6 


Czo — Cz / — Czo 


121.3 (/) 


port popi uoa 
Cz9 — C3U — HJ0 


119.0 


/-<to pot 

C28 — C27 — H27 


1 1 n ( 

119.4 


PI — 01 — Eul 


1 /"C 0 /o \ 

165.8 (3) 


p^A n/^f TT/^f 

C20 — C25 — H25 


120.3 


TIO PVO t-> i~\ 

P2 — 02 — Eu2 


168.6 (3) 


pi/\ p • /i 

CzU — C25 — C24 


lift 1 /C\ 

119.3 (5) 


P 1 XT 1 J1-- 1 

CI — Nl — bul 


173.5 (0) 


C24 — Czj — H25 


120.3 


XT 1 Z" 1 1 C1 

JN 1 — CI — M 


1 TO O fH\ 

1 (/) 


POO P 1 TTA-) 

C22 — C23 — H23 


1 1 A O 

119.3 


PI O XTO T -1 O 

C38 — N2 — Eu2 


164.6 (14) 


nj rni tr?^ 


1 1 7, j 


vro r"}o ci 

1NZ Ljo OZ 


1 77 P)^ 
LI 1 (Z) 


r?4 r?3 cii 

V, Z,T^ v>Z,J v>z.z. 


1 Z, 1 . 1 ^ 


XT'} 03 Fll? 

IN J WJ J-j LIZ, 


110 8 CI 41 


C20— C21— H21 


119.4 


N3— 04— Eu2 


115.3(14) 


C20— C21— C22 


121.1 (5) 


04— N3— 03 


92.0 (17) 


C22— C21— H21 


119.4 


05— N3— 03 


134 (2) 


C4— C5— H5 


120.0 


05— N3— 04 


134 (2) 


Symmetry codes: (i) -y+l,x-y, z; (i 


i) -jc+y+l, z; (iii) 


->, z; (iv) — ac+y, -x, z. 
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